
UNCLASSIFIED
SECURIT .... CLAS'SIF.·ICATIO"-l Ole" T ... t'5 PA.GE (U~~n (lor. Fn~('"r.. rfJ

ADA137543

REPORT DOCUMENTATION PAGE READ [KSTRUCTIONS
BEFORE CO\lPLETING FOR\l

l. REPORT NUMEJ~.R J.2. GOVT "CCESSION NO. 3. RECIPIENT'S C"TALOG NU"'SER

DNA-TR-81-237

4 TI T"LE (-.rid Subutl_) 5. TYPE OF REPORT" .!>. PERIOO COVEREO

Technical Report
INITIAL HUMAN RESPONSE TO NUCLEAR RADIATION

6. PERFOR~INGORG. REPORT" NU"'SER

PSR Note 477
7. AU r,...OR.'sj ~. CONTRACT OR GRANT NUMSER(s)

George H. Anno
Harold L. Brode
Ruth Washton-Brown DNA 001-81-C-0067

9. PEFc~ORMI~GORGANIZATION ~"M£ AND ADDRESS 10. PROG"';:'''' ELEMENT. PROJECT. 'I ASK
Pacific-Sierra Research Corporation AREA A WORK UNiT" NU',BERS

12340 Santa Monica Boulevard Task P99QAXDB-00025
Los Angeles, California 90025

I' ::::ONTROL~INGOFFICE NA ... E "",,0 AOQRESS 1.2. REPORT" DATE

Director 1 April 1982
Defense Nuclear Agency 13. NUMBER OF PACES

Washington, D.C. 20305 92
I~ MeNI raRiNG AG£~CY NAME ~ AOCRESS(II dtlter~n' iTom ConUl.JJJJn, Olfie-e) 15. SECURITY CLASS. (of Ih" report)

UNCLASSIFIED

, 5". OECLA551 FI CA TlON.' DOWN GRADI NG
SCHEDUL.E

N/A since UNCLASSIFIED
16. DISTRI8UTIO'" ST"TEIoolENT" (01 'h" R~po")

Approved for public release; distribution unlimited.

17 DISTRIBUTION SiATE'-lEN r (01 rhe: .b$lracl en(8rttd in Block 20. it dift.r.nl from Reporr)

~

IS SuPPLE ... E"TARY NOTES

This work was sponsored by the Defense Nuclear Agency under RDT&E RMSS
Code B310081466 P99QAXDBOO025 H2-59-GD-.

19. D(EY _OR:JS rC.,,1ftn,,_ on r~..,~r••• ,.:ie "nec•• ~8ry .". IdenfUy ov block numlil.r)

Radiation Effects (humans) Nuclear Battlefields
Radiation Sickness Troops
Modeling Incapacitation
Nuclear Environments

.20 .AeS'HAC r ~C,",.tl"U'" on ,. • ..,,.,. •• • ,d. II n~Cl!"S<"l'ry ftnd Jd~,,'Jty l'lv olnr--Jc nlJt":"Ibl!,.1

This report documents the results of the first phase of an investigation
into the nuclear effects on military troop performance. Both signs and symptoms
associated with radiation sickness were examined to develop models of human
response to radiation as a function of dose, time and symptom severity.

Data on the early symptomatic effects of radiation exposure were gathered
from some 150 books, articles and monographs. The analysis of this data
focused on human data collected from the victims of nuclear accidents and

DD lH3 UNCLASSIFIED
._--- ...... T" ...... CLASSIFICATIO"i OF'T"HS P .... (,.E (U:n~t"I D.:. t=:",trrwd)

REPRODUCED BY, NJlI.
u.s. Department of Commerce

National Technical Information Service
Springfield, Virginia 22161



UNCLASSIFIED

20. ABSTRACT (continued)

therapy patients. Data from the survivors of the Japanese atomic bombs were
excluded because of data imprecision and questions raised about the accuracy
of reported exposure levels. A hypothetical exposed population was divided
into response groups based on the sensitivity of individuals to radiation:
hyper-, hypo-, and normsensitives. The population was also classified by the
severity of their symptoms; unaffected and mildly, moderately and severely
affected. Using this data, relationships for the onset time and duration of
acute symptoms after a given radiation dose were developed.

Conceptual models were then derived for (1) individual response as a
function of dose, time after exposure, and severity of symptoms, (2) population
response (percentage affected in various degrees), and (3) links between indi
vidual and population responses. To develop these models further for the
second phase, a better understanding of the relation between acute radiation
exposure and subsequent illness as a function of time as well as more data from
noninvasive studies of therapy patients is needed. Once the connection between
radiation exposure and sickness is sufficiently well understood, it should be
possible to make more definitive statements about how human performance will be
affected by radiation.
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Figure 3. Onset of initial symptoms.
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Figure A.3. Nausea and vomiting in atom bomb survivors (Hiroshima, Nagasaki)
versus therapy patients and accident victims (Langham).

But the Japanese data differ markedly from the Langham data. At higher

doses (more than 100 rads) , the therapy and accident data suggest a

more severe response than do the Japanese data; at lower doses the

therapy and accident data suggest a lighter response. Since our in

vestigation focuses on doses over 100 rads, how might we account for

the differences in the two data sources at the higher doses?

One could hypothesize that the Japanese response appears lighter

because most victims in rings 1 and 2 (blast center to 1.5 km) were

exposed to the lowest doses recorded for the ring. Such an occurrence

would lower the averages on which Fig. A.3 is based. However, Fig. A.l

suggests that for Hiroshima the lowest dose in ring 1 was ~OO rads,

and that in ring 2 was ~50 rads. In Nagasaki, Fig. A.2, the correspond

ing lower limits were ~50 rads (ring 1) and ~O rads (ring 2). Those

doses are high enough to expect the Japanese responses to be much

closer to those shown in the therapy and accident data.
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Another possible explanation might be that many Japanese victims

were shielded from the full effects of the free-in-air doses shown in

Figs. A.l and A.2. However, Oughterson et al. [1955] report that only

21 out of 1874 persons in Hiroshima, rings 1 and 2, were in bomb shelters

or tunnels (in Nagasaki, 145 out of 2671). The rest in both cities were

either outdoors or in Japanese types of structure, which afford rela

tively poor radiation shielding [Auxier, 1977].

It might also be postulated that those who gathered the Japanese

data were dealing with a biased sample. Persons surviving after 20 days

could represent the "healthier" or hyposensitive portion of the popula

tion; the majority might have been too sick to give an account of their

illness and were overlooked in the study. The material reviewed offers

no means of investigating that hypothesis.

The uncertainties surrounding the discrepancies manifested in

Fig. A.3, plus more fundamental questions recently raised about the

accuracy of the radiation levels particularly in Hiroshima [Marshall,

1981] persuaded us to exclude the Japanese atom bomb data from consider

ation in our Sec. 3 response model.
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